Biology needs cyberinfrastructure to facilitate specimen-level data acquisition for insects and other hyperdiverse groups by Moore, Wendy
Biology needs cyberinfrastructure to facilitate specimen-level data acquisition for insects and... 479
Biology needs cyberinfrastructure to facilitate 
specimen-level data acquisition for insects and other 
hyperdiverse groups
Wendy Moore
Department of Entomology, University of Arizona, Tucson, Arizona 85721-0036, USA
Corresponding author: Wendy Moore (wmoore@email.arizona.edu)
Academic editor: Terry Erwin |  Received  22 August 2011  |  Accepted 25 August 2011  |  Published 16 November 2011
Citation: Moore W (2011) Biology needs cyberinfrastructure to facilitate specimen-level data acquisition for insects and 
other hyperdiverse groups. In: Erwin T (Ed) Proceedings of a symposium honoring the careers of Ross and Joyce Bell and 
their contributions to scientific work. Burlington, Vermont, 12–15 June 2010. ZooKeys 147: 479–486. doi: 10.3897/
zookeys.147.1944
The Internet has revolutionized the field of systematics by allowing for large scale cy-
berinfrastructure projects that (1) facilitate our work, such as ScratchPads (Smith et 
al. 2009), (2) provide outlets for the results of systematic work, such as the Tree of 
Life Web Project (Maddison et al. 2007), the Encyclopedia of Life (Wilson 2003), 
GenBank, MorphBank, MorphoBank, and (3) provide novel ways of online publish-
ing (Blagoderov et al. 2010, Penev 2008). These efforts have greatly enhanced the 
field of systematics and are therefore enormously beneficial for understanding global 
biodiversity. However, specimen-level data are noticeably absent from most large-scale 
biodiversity cyberinfrastructure projects.
This situation is rapidly changing. For example, the NSF-sponsored “National 
Digital Biological Collections Resource” aims to digitize specimens held in natural 
history collections throughout North America in the next 10 years. This initiative will 
provide support for curatorial staff to digitize specimen-level data associated with their 
holdings. Meeting this goal for megadiverse groups, such as insects, will come with 
unique challenges. As a general rule, many specimens in most insect collections are not 
identified to the species level, while many are only identified to the family level.
For diverse families of insects, like carabid beetles with well over 35,000 described 
species, most experts are capable of making species level identifications of only a fraction 
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of this diversity. In general they are too time-limited to meet this demand for large-
scale ecological projects and initiatives such as the National Digital Biological Collec-
tions Resource (Anonymous 2000, Hopkins and Freckleton 2002). Not only is species 
identification an activity for which systematists receive little or no professional credit 
(McDade et al. 2011), it is also an activity for which the field has received criticism 
for not being able to provide this service to end users in a timely fashion. In the face of 
the biodiversity crisis, global climate change, and dwindling numbers of professional 
systematists, there is an overwhelming need to facilitate the acquisition of validated 
specimen-level data for biological research and science-informed conservation planning, 
and to disseminate these data broadly. In fact, the imbalance between limited expertise 
and the great need for expert identifications has led to efforts that attempt to meet these 
goals without the aid of expert systematists, such as the use of parataxonomists to iden-
tify morpho-species or operational taxonomic units (OTUs) or recognizable taxonomic 
units (RTUs) (Oliver and Beattie 1993, 1996), and the Barcode of Life project which 
is building a database of sequence data with the goal of allowing users to quickly and 
easily identify species molecularly in the future (Stockle and Hebert 2008). While both 
initiatives have their strengths, they have both been strongly criticized and both have 
been shown to fail in many instances (Barcode of Life: Will et al. 2005, Ebach 2011, 
Song et al. 2008; parataxonomists identifying morphospecies: Krell, 2004).
The Internet provides an opportunity to develop creative solutions that do not side-
step, but enhance, the field of systematics. In order to accelerate the pace at which we 
can capture and disseminate validated specimen-level data for megadiverse groups such 
as insects, we need new cyberinfrastructure tools designed specifically for this purpose. 
Ideally these tools would be designed in such a way that they could easily be adopted 
by any interested working group of systematists and enhance the field of systematics.
While there are few cyberinfrastructure projects that focus at the specimen-level in 
entomology, AntWeb (www.antweb.org) is a notable exception and it serves as an ex-
ample of the great potential of such a system. AntWeb is an online database that treats 
all species of ants worldwide focusing on specimen-level data and images contributed 
by a team of remote “curators.” AntWeb provides specimen-level data on ants to the 
Global Biodiversity Information Facility (GBIF) that, in turn, provides open access to 
biodiversity data.
Here, I describe a concept for such a system which would simultaneously add 
validated specimen-level data to existing cyberinfrastructure projects, track the con-
tributions of data contributors and editors, and help to train the next generation of 
systematists. It would also promote the “publication” of specimen-level data as system-
atists acquire them. It would function much like AntWeb but it would allow working 
groups of systematists to adopt a pre-built, yet modifiable, cyberinfrastructure system 
and tailor it to their study group. For carabidologists, the time to move forward with a 
cyber-infrastructure solution could not be better. The National Ecological Observation 
Network (NEON) has chosen to monitor carabid beetles at 60 sites (20 core sites and 
40 relocatable sites) throughout North America over the next 30 years. Therefore our 
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tions. There are not nearly enough carabidologists to perform the needed identifica-
tions of these specimens, especially when this activity is not a gold standard for promo-
tion in most of the jobs we hold.
Vision: integration of Existing Components
The system would uniquely combine three existing, or relatively easy to develop, 
components, including (1) a password-protected working space for collections re-
searchers, curatorial staff, and students, to interactively work with experts on specimen 
identifications, (2) a specimen-level database repository to store validated specimen 
records which would be linked to species-level web projects, and (3) taxon-specific 
products (see below).
1. A password-protected working space would consist of Internet portals that con-
nect project participants (i.e., collections researchers, curatorial staff, and students) 
with project editors (specialists) in a virtual environment, including easy-to-use data 
entry forms and a secure environment for communication and training.
Data entry forms would include at least a photograph of the specimen, a tentative 
identification, georeferenced collecting information, a unique specimen identifier and 
the specimen repository. However the forms could also be much more elaborate and 
include any additional information that could be uniquely tied to a specimen, such as 
unique ecological data associated with the specimens, GenBank numbers, and BLAST 
results for genes extracted from the specimens.
Completed data entry forms would then be submitted through the system to 
the appropriate data editor who would either (a) approve the ID, in which case all 
specimen-level data would automatically be added to the specimen-level database, (b) 
mark the form as “pending approval” and use custom portals to communicate with the 
contributor to request more information, additional photographs of species specific 
characters, and/or request a loan of the specimen, or (c) reject the contribution.
This working space could automatically track activities of all participants and edi-
tors, such that a monthly or annual accounting of an individual’s contribution to the 
system would be generated. In this way, the system could facilitate overcoming part of 
the credit disconnect noted above (e.g., McDade et al. 2011).
2. A specimen-level database would accumulate all specimen-level data approved 
by the editors. Fortunately, free open source MySQL specimen-level databases already 
exist and could be co-opted for this purpose (e.g., Specify6). Specimen-level databases 
could be directly linked to a ScratchPad or Life Desk for working groups of systema-
tists, as well as Global Biodiversity Informatics Facility (GBIF), National Biological 
Information Infrastructure (NBII), National Digital Biological Collections Resource, 
MorphBank, and the Tree of Life Web Project (TOL) and Encyclopedia of Life (EOL) 
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3. Perhaps the most exciting part of the system, especially from the perspective 
of the editors, might be the taxon-specific products that could be generated from the 
specimen-level data as part of the system. Much like GenBank facilitates organizing 
and viewing genetic information based on users, interests and queries of genetic data, 
this system could include algorithms that would allow participants to benefit in useful 
and unexpected ways from the fruits of their labor. Examples of such products are spe-
cies distribution maps, analyses of morphological traits over geographic space, lists and 
keys to regional species, as well as many others. Validated specimen-level locality data 
is crucial for systematists involved in species distribution modeling and climate change 
research and these data form the foundation for science-based conservation planning. 
Historical data from museum collections would add a temporal component, and past 
species distribution modeling could be compared with present day distributions and 
incorporated into predictions of change under various future climate scenarios.
While most of the technology needed for this concept is already in place, there is 
not a present-day example of a portable system that integrates these components into a 
product that would simultaneously facilitate specimen-level acquisition, train students 
and parataxonomists, and provide taxon-specific tools to the same community (and 
other user communities) that drives the system. This new cyber research environment 
would broaden the community of contributors of biodiversity data without compro-
Figure 1. Schematic of integration of components. The blue funnel (on left) depicts web portals and 
cyberinfrastructure that allows for a diversified contributor pool and speeds the pace of acquiring validated 
specimen-level data. The data review process provides a peer-review filter to incoming data that helps to 
ensure data quality. The red column (center) depicts a specimen-level database that stores entries accepted 
by the editors. This specimen-level database could be directly linked to large-scale initiatives such as GBIF, 
NBII, National Digital Biological Collections Resource, the Encyclopedia of Life and the Tree of Life, 
GenBank and MorphBank. The green funnel (on right) represents taxon-specific tools that could be de-
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mising data quality, optimize the efficiency of expert taxonomists, and track the con-
tributions of all participants. It would exponentially increase the amount of validated 
specimen-level data freely available to create an unlimited number of taxonomic and 
regional products. It would also use the Internet to facilitate new ways for professional 
systematists to train future taxonomists.
Limitations and Challenges
The system as described here would be largely limited to (1) taxa that can be identified 
by a series of photographs of specific characters, and (2) groups for which there are a 
critical number of trained experts who are able and willing to serve as editors for such 
a system.
In addition, most insect collections do not include unique specimen identification 
numbers associated with each specimen, which provides the necessary link between the 
physical specimens and any digital information associated with it.
In order for this system to work there would need to be committed team of tech-
nical experts, systematists, and software developers to design a seamless data environ-
ment and implement the network services to provide the needed interactions within 
the major processing environments.
Benefits
If such a system were to be established, many end-users would benefit. First, systema-
tists would benefit from the mobility of vast amounts of specimen-level data. If you 
are a systematist, imagine if there were such a database filled with specimen records 
(including photos and georeferences) of your group of interest as you plan your next 
taxonomic revision. Students, ecologists, and museum scientists would have submitted 
these specimen records, including images and georeferences, allowing you to generate 
species distribution maps and easily determine which specimens you would like to 
request on loan and from where. Broadening the community of contributors would 
greatly speed the pace of your revisionary work. Students of systematics would benefit 
from the connections they would make with experts located around the world to ef-
ficiently learn the morphological characteristics of their study group.
This system would also help facilitate science-informed conservation planning. 
One exciting downstream product of such a system is exemplified by a conservation 
effort in Madagascar. Nowhere is the need for a highly focused effort to conserve spe-
cies and habitat more apparent. This island nation ranks near the top of virtually every 
conservation priority list due to its extraordinary levels of endemism and high rates 
of deforestation, especially within the last 50 years. The Réseau de la Biodiversité de 
Madagascar (REBIOMA) project plays a critical role in identifying target areas for 
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biodiversity data from scientists and to make that information available for conserva-
tion planning in Madagascar, and to provide tools to conservation planners and man-
agers to identify conservation priorities for the region. REBIOMA does not provide 
tools to facilitate the acquisition of these data, but rather relies on systematists to sub-
mit these data independently. However, it does provide a means to analyze patterns of 
diversity and endemism among Malagasy invertebrate (e.g., Fisher and Girman 2000, 
Paulian 1961, 1972), vertebrate (e.g., Goodman and Ganzhorn 2004, Raxworthy and 
Nussbaum 1996, 1997) and plant lineages. This information is then used to help de-
fine target areas for conservation (Kremen et al. 2008).
The largest bottleneck in the process is the relatively small amount of validated 
specimen-level data that enters the system in a way that is easily accessible by end-users 
whether they are professional systematists, biologists, or conservation planners. For 
these reasons data on megadiverse groups, such as terrestrial arthropods, are altogether 
lacking in most conservation efforts, and existing biodiversity datasets are heavily con-
centrated on only a small fraction of animal and plant diversity, particularly in biologi-
cally diverse and poorly known regions, even though the under-represented groups are 
generally the most informative for many purposes, including conservation planning 
(Kremen et al. 1993, Underwood and Fisher 2006, Kremen 1994, Kremen et al. 1999, 
Moritz et al. 2001, Good et al. 2006).
In conclusion, we need to develop cyberinfrastructure to promote the identifi-
cation of insect specimens in our natural history museums. This will allow associ-
ated specimen-level data to be included in revisionary work, large-scale specimen-level 
initiatives and conservation efforts. For taxa such as many groups of insects, which 
are megadiverse and have relatively few trained experts able to perform species-level 
identifications, taxon-focused cyberinfrastructure could minimize the labor required 
by the few taxonomic experts, maximize their expertise, and offer them incentives and 
appropriate acknowledgement for their work.
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